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@ Ftuoraacant compounds;. 



® oornpounds obtainable by reacting together an tmldo^eagant such aa dtphenylptiosphonlnii- 

do-lnpf»enyHJhoaphorane) wrth a chelate of a trmnsttion or lanthanide or actinide metal, auch as 
W3(«libenzoy(methide) europium lU, has the property of llunrescing tn UV radiation. The kwantkn 
mckJdea soOd polymer bodiae containing euch compownds, or chelates of transition or lanthanide or 
acttnWa metals gBnsraUy, the bodies having the property of emitting light by virtue of tntams^ 
^ Ionising radMon. The body is preferably of pdyslyrene fbnned by 

potynrtsnsmg the monomer in the preseoca of ttie compound or metal chelato. 
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This inventian conc«rna polymer bodies wNch ara Ught-ftmiiiing by vtrtua of containing a transition or Ian* 
thanida or acdntde m«tal chatate or othar complex. For tha moat part, tha energy for light amisaion ia provided 
by internal radioactivity, e.g. by using a trftlatad potyinBr. tn the course of the work leading to thia invention, 
novel compounda based on certain meta^ chetatea have been tdentiTied aa having outstanding fhiomacent 

5 propardaa. These compounda, and polymer bocfiea containing them, aiso form part of thia invention. All these 
compounds and c^velalea are nuoraaoanl. In the sense that they emit light or other relatively long wavelength 
electromagnetic radialion, on being 9ub>ected lo UV or other relatively short wavelength electromagnetic ra- 
diatlon. IncKidIng ionising radiaiion from radioactive decay, tt is surprieing that the cotr^Kwds and cheiatea 
show high efHctency of ligtn output and good stablfity in the presence of lonistng radiation. 

to British patent specification 2242908 deecribes thtiated light emitdng polymer compositk>na, containing one 
or more organic fhiora linked to the polymer in some way, for example as a result of having been dissolved in 
the monomer prior to polymerwation. The polymer compositions can be mads transparent or translucent so 
that useful light Is emftiad firom the entire volume of the polymer. Such compositions have other edvantdgee; 
they are Aaat^f fabricated and shaped; the tritium is present in combined form and so Is not relaiaaed by accl- 

iB dental damage {as would for example be the case with a glass envelope containing gaaaoua tritium); when 
performance falls off. the ootnposition is easily replaced and recycled. Bui using the organic fluors described, 
the generation of light from ladiOBctlve decay is not as efficient as may be desired. As a result, the pdymer 
composition may be subject to radiation damage from the high ooncen^ations dt tritium needed to generate 
bright light 

20 Rare earth chelates having the property of fluorescing in UVradiation are well Icnown. A. P. B. Sinha(Spec- 
troscopy in Inorganic Chemistry edfted by C. N. R. Rao and John R. Ferran), Vol. 2, Academic Press 1971 - 
Hialory of Congress Catalogue No. 77-11 7102) describes several classes of rare earth chelates with various 
monodentata and bidantata Uganda. The mechanism of fluorescence is also described. The f Iral step involvea 
the absorption of energy by the organic part ctf the chelate leading to its encftation from a ground stale sfnglet 
2^ to an sxcttBd singlac. The exctied molecute can then go over to a triplet state In wWch energy can be transferred 
to a csnfral rare earth metal Ion. The excited metal (on can then undergo a radiative transition resulting In the 
characlariBtic line emission of tha \ca\ (Ion fhjQrescenca). All these steps take place in competftion with other 
non*radiative steps. For efficient fluDfascanca, it la necsssary that the transition matd Ion have a resonant 
frequency which is cdosa to. but slightly lower lhaa the exetod triplet frequency of the chelating group. This 
30 ensures that the probability of triplet-to-resonance level transition Is high. Other complexes of Group IIIAmetais 
and rare earth and Imthanida metals with aromatic c^mplexing agents have been descrlkMd by G. KaUtstratos 
(Chimiita Chronka, Kew Series, 11, 249-2G6, 1982). For example, this reference describes the Eu 3>, Tb 34 
end U 3+ oomplexea of dlptienyhphosphQnimido-triptienyhphosphoraa 

In one aspect this Invention provides a solid bn-r comprising an organic polymer or a mixture of organic 
38 and inorganic polymer, together with a chelate of ^ insUion or ianihanlde oractlnlde metal, tha body having 
the property of emitting light by virtue of Intarnai^ ^eneratad Ionising radiation. Preferably tha polymer la ra- 
diOBCttvely labeSed so that the radioactive decay pravidea the ionising radiation. 

The metal chelate may tM the same as or sirryiar to the known d asses of metal chetata raf erred to above. 
Howeveft K needs to have a niml>er of special rmpertiea not always possessed by the known f luorascers: 
^ - It needs to t)e capable of fluorasdngundsr the Impact of UV or other elsctrDR»gnatiGradlation» not o^ 

in pure form tnjt afso in dispersion or solution in an organic monomer or polymer. 
" It Is preferably soluttle in the monomer or monomer mix used to form the polymer txxly. A eolubaity of 
at least 10% by weight is generally preferred. Tfm metal chelate shouM preferably rsnnatn soluble as the 
monomer polymerises. 

49 - The presence of the metal chelele shouid preferably not inhibit polymerisation of t he monomer to a trans- 

parent wholly or substantially colourless polyrrw. 
Up to the present tin^ a scintilant has normaffy been regarded as consisting of a advent plus one, two 
orthree solutes. The solute wfth thefiuorescence level highest si energy is called the primary solute or scin- 
tittator and the second and third solutes are known and act as wavelength shifters. The scintilation process 
^ has thus been seen as irvvolving the fbtlowing etepe: ebscrptlon of nudeer radiation t»y tti» solvant with the 
f6rmatfon of a solvent exctied state: energy transfer from the solvent to a primary sctntillant fbdowed by fluor* 
escence emission; abaorption and re-emiaslon by secorKlary and possibly tertiary adntiUanta to shift the final 
emitted light to the desired wave-length. 

ft has surprisingly been diacovered that tha chelates of the transttton nnetafa particularly those of the rara 
95 earths, can act as primary scnniitants. such that the nudearradiation energy adsorbed by the soN nt (polymer) 
is transferred lo the chelate or chelates and onty emitted at the f ir^ desired wavelength, this procesa being 
achieved without th use of secondary or tertiary sdntatants or wave-shifters^ These chelates have thus mm'h 
mised energy loss a and give rise to more eff Idant light output The metal chelates oft n have very narrow 



2 



EPOSMOOSAI 

emisston spectral bands, which can be daslgned to be ^ particular wavelengthSp ihu^ erabbng photodkxies 

to b used at high efficiency. 

In principle, any metal Ion having an unfilled inner electron shelU that Id to say almost any transition or tan- 

thankJe or actinide met^ ion. be used as the basis of thefluorescem chelate. In practk:e, a metal Ion having 
5 a convenient emission fluency, and a convenient resonant frequency, and an eff icienl transition betv^een 

the two» is n>oet usually chosen. The most u$ua4 are the lanlhanide metal ions Sm S^, Eu 3+. Tb 3+« Dy 3+, 

Yb 3^, lai 3^, Gd 2+. Eu and the acttnide metal Ions U 3^ and iX>2 3+. 

The chelating oroomplexing groups are chosen to have a tr^Xet energy level simOar to but slightly higher 

than the resonant energy level of the chosen metal k>a Known chelates, Indudmg those described in the 
10 abovsmenttoned references are likely to be suitable, including those based on ddcetone and trifcetone chelating 

moieties. A preferred chelattng group tias the formula 



B C 



where R' may be the same or different at different parts of the molecule and each R' and R' Is an ar- 
onrmtfc or heterocyclic ring atructure which may be substitutBd or hydrocarbon or fluorocart>on or R" is hydro- 
gen. The identity of R" can be used to modify the triplet energy and may affect light emission. R" can also t>e 
made co-polymerisable with a monomer, e.g. styrene. 

In the compound descritsed in Example a) below, R' is t4>utyl and R*" is hydrogen. Metal chejates may have 
up to four, lypfcally three, of such groups surrounding the metal ion. 

Examples of metal chelates usefUl in this invention ara> 

a> Terbium (3+) (dlplvaloylmathide)^, otherwise known as terbiun tri$<2,2*e.e-tetrsmthyl-3.5- 
heptanedtonato) chelate, oommerdaffy avaOable from Strem ChemicBls. 

b) The dl- and trf-pyrazolyl borate and the di- and tri-pyrazoiykN-oxide borate adducts of a). 

c) Europium (3+) (2-naphthyI trifK/oroacetyl aoetonate)* 

d) Uranyl (2-naphthyt trifluorckacetyi acatonateU- 'Hiis material emits strongly in the yellow part of the spec- 
trum when cooled to about -50^. 

e) The dipyridyl and dipyridyl-N-oxide adducts of c) and d). 

f) A family of novel compounds derived from metal chelates as in a) to e) above has shown interesting fki- 
orescent properties and is Induded within the scope of the Invention. 

In this aspect tha invention provides a compound that results from reacting together an imido^resdant of 
formula 

R 



0 - Q - N - 2 



where Q may the same or different at (fiffwent parte of X he molecule and is R, As or Sb, 

and R may be the same or different at drfferent parts of the molecule and each R is an aromatic or het- 

erocycTtc ring structure which may be substituted orunsubstlhjted. provided that one group R may alternatively 

be a oo-polyn>eflsat>le group, 

and Z is either QR^ or an otigophosphormnyl group (an organophoephoranyl group with two or more P 

atoms), 

wtt h a chelate of a transition or f ant hankto or actinide metal ion to produce a product which has the prof^- 
erty of fluorescing in UV radiation. 

These compounds are expected to have the formuta 

<Xn - W - O - QRj - hOpZorXn - - O - QRz ' N » Z), 



f5 



SO 
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where M ts the transition or lanthanlda or actlnlda mAtal ion, siich as those daacHbed above, 
X 15 a chelating ^xnip, 
n is 1 to 4. 
p is 1 to 4, and 
5 «t$ 1 to4 preferably 1 orZ 

In the above structures. Q may ba Sb or Aa or P, the latter beln^ preferred. At feast four of the five groups 
R should be of aromatic or heterocyclic character the following being examplts: phenyl; p-tolyl; 2,4-dimethyl' 
phenyl: p-tartiary butyl phenyf; l-naphthyl: 2-naphlhyl; 4-pyhdyf: 4-quinolyl. 
Z may be an oligophoaphoranyt group, e.g. of Ihe formuta: 

Ar, . P - »Alk. P . ArU - Alk - P . ArJ, 
wtiere Ar Is aryl preferably phenyl, 

is alkane preferably -C2H4*, 
1, m and q are small integers such that 1 + q is 3. 
these compounds tieing of the kind commercialty avaHable as;- 
15 Diphos - PhaPC^H^PPha. 

Triphos . Ph2PC2H4P{Ph)C2H4PPh2. 
Tatraphoa I - Ph2PC2H4p(Ph)CaH4pPhC2H*PPh8. 
Tetraphos II - PCCjH^PPha)^ 
(See JACS 93:17 August 25 1971; 4158-4166). For axample. a compound according to the Invention based 
?o on DIphoB woukj have the formuia: 

Xn - M - O -P(Ph>2 . N - P(Ph)a - C2H4 - P{Ph)2 = N - P(Ph)2- O - M - X„ 
wtieraPh is phenyl. 

AtCernativslyp one of the grou ps R may be a co- polymensable group, t hat is to say a group capable of joining 
in a pdymerrsation rsactkin with a nrhonomer wvlth wWch the compound is mixed. Examples are carboxylic and 
29 sulphon'c add groups* and at hyienically unsaturated hydrocart>on groups such as aflyt and p-styryL A preferred 
imido reagerrt has the formula 
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I 
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I 

Ph 



Ph 



where Ph Is phenyl. 

Preparation of the omipounds of this invention is skraightfbrward. Transition metal chelated such as those 

<o described by A. P B. SInha (referenoe ebove) are well knowa Soma are convnerdalty avallabia. General meth- 
ods of prsparatlon are described by Reid and Cahrin (Journal of the American Cherracal Society, 72 (1990), 
2^-2952). Imido reagents are known materfals (see the Katlistratos reference above) whose preparatkxi ia 
descrftied by R. A. Baldwin and R. M. Washburn (^urnal of the Amerxran Chemical Society, 83. peges 4468- 
4457, 1961) and M. J. P Harger and S. Westlake (Tetrihedron. 38. No, 10. pages 1511-1 515. 1982). To prepare 

45 compounds according to the present invention, the chosen nrretal chelate and the chosen imido-reactant may 
be heated together In molar quantitiea defined by the formulae above at a melting temperature of 200°C for 
one hour. More preferably, appropriate molar quantities of the two reactants are heated together In a ref luxing 
organic solvent The inventory have found trinwthylpentane when s is 1 and Iduene when s is 2 to be conve- 
nient If the startfng metal chelate is insoluble, progress of the reaction can monitored by r>oting thel the 

SO refluxEng solution clears. On cooling, the desired product crystaltisee out in easity recovemble form. 

This aspect of the Invention is not restricted to compounds prepared by this route, and other preparstive 
nrwthods are possitrie. For exampfe, one molar part of a complex of the metal kan with the Imklo-reactant may 
be healed with generaly 2-4 molar parts of the chelating nrvotety so as to form the desired con>pound 

Th compounds. MMdualJy, have the property of fluorescing, in the visible or infra-red region depending 

« on ths metal ion choeen, when subjected to UV or other energetic radiation. This property may be xptoited 
in various ways. For example, the compound may be applied as a oodtir>g on a glass vessel or on giass beads, 
and thes may b maintained in ih pre ence of a radioacthra gas such as Wtlum or xenor»-133 or Ivypton- 
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Th d compounds, in com bination.rnay act in a less well known manner. In certain cSftsumstancaa the energy 
collected by the metdl Ion of on^ atructure wUi nol be emitted by that k>n but wUI be translarrad most sffictendy, 
by eo-caRed racflationlese transfer, to a seoond different metal Ion (chelatedX This phenomenon, known as - 
ion to Ion transfer- can be mads very efficient by cansful selection of the two nnatal Ion structures. For example. 

5 trivalent gadofinhim strucftjres do net usually emit Hght even in Isolabon but, in combmation wrth known fluor- 
escertlanthanlde chelatss, they prove to be very effickant energy collectors. Such met^ ion chelatB pairs can 
be of greater eff k:tency than any one chelate on fts own. 

The oompcxjnds of this invention are particularJy usefel In polymer oompositiona. Thus In another aspect 
the inventkM provides a solid t>ody compneirrg an organic polymer or a mixture of organic and inorganic pol^ner 

fo together with at least one compound as descrtoed above, the body bdng capable of emitting light when sub- 
jected to a flux of electromagnetic radiation. Preferably, the flux of eiectromagnetiG radiation is generated in- 
tdrnady by radioactivfty in the solid body. 

Thus, either the polynr>er or the metol chelate (which term is hereafter used to include novel compounds 
of this inventkkn) may be radio4abeiled. preferably with tritiim. In these corrH>osttions, the metat chelates act 

19 as acfntillants, either alone or in con^inction with oonvent»n8l otyanic scintBlanla. 

Polymers labelled wtth tritium are well known, and are most oonvenientty prepared by lat>efling a nrionomer 
or co-mononrw with tritium prior to pdymerisatkKY, The polymer should preferably be clear for maximum effi- 
ciency at the wavelength of the emitted light, and should preferably be resistant to damage by setf-frradlation 
(E^. Evans. Tritium arid Its Compounds, 2nd Edition, Butterworths, London 1074 pages 720-721). On these 

?o grounds, polymers of vinyl-aromatic hydrocarbons, such asstyreneand vinyttoluans, ar« preferred. AGa (scis- 
sion) value 0.04 is Quoted for fa-radiatlon of polymethylstyrene and a Q,, (cross-linking) vaiue of 0.02 which 
is much teas than for other known polymers, see Polymer Pholophyslcs and Photochembtiy by J. Gufilet Pub, 
Cambridge University Press, 19B5 page 353 el seq. Some or aB of the protium hydrogen in the polynwr and/or 
in I he metal chriate may be replaced by deuteriunt. Addittonal stabQIty is however conferred on the compositton 

25 by the presence of the metal cheiaiea, by virtue of their conversion of beta radiatioii energy into light reducing 
the proportion of energy avaaabia for saH^irradiaUon of the polymer 

The extent of tritiimi l^eHir^ is a compromise between several f^K^tors. By incorporating 2 atrms of trtlun 
per monomer molecule, it ie possibie to achieve activities of 600 Ci/g. Such monorrYors may be diuted wHh 
non-radloactlva monomer, or the monomer prepared using tritiunrv^iydrogen mixtures in the tritiatton/hydrogen- 

so atk>n step, to achieve the overall specific radioactrvity required. Activities betow about 100 mCI>^ are rather 
unlikely to be useful as tituminating devkses but do have a use as light sources for calibration. As tha tritium 
labelled polymer is a relatively expensive material, it w0l generally be preferred to use the minimum required 
to achieve the desired light output All polymers labelled with radbisotopes irtduding polystyrene duller from 
radiation damage, and at high levels of activtty this may lead to darkening with loss of light output, and even- 
ts tually to ennbriltlement and degradation. Lal>eDing to an actlvtty of from 25 nanocuriea/gram to 100 Ci/g, par- 
tteular fy 50 narwcurtes/gram to 5 curies/gram, of composition may be appropriate in many cases, with activibes 
towards the lower end of that rango where a service life of more than five years is required. 

Trideted vinyl a^omatk: monomers may be made by the caitaiyth: partial rsduclk>n by tritium of subsdhited 
acetylenes. Forthe purpose of this mvention, reduction is carhad out with trittum^hydrogen or tritium-deuterkim 

40 mixttn-oB up to 1 00 per cent isoloptc abundance of tritium as required, preferatrfy in the preeer ce of a pfalinum 
or paUadtum catalyst or other suiuasla liydrcgenatton catalyst The catalyst chosen ehouid not contain volatile 
components such as quinoline and should not be adversely affected by monomer stabilisera Alter the reduction 
It is preferable to ren^ove by f atration or by distillatk>n any catalyst from the tritiated nwnomer. It is also pretar- 
able to dBute the tiitiated monomer with non-radkiactive monomerts) which have been pwfied either by dts- 

4fl tlllatlon or by passage through a cokjmn of neutr^ akjmina. Vinyl aromatte nDOfKHners wWch ans trithim labelled 
on the aromatic ring are also krawn and may t»e used. 

The concantratkMi of the metal chelate shoukj be enough to efficiently convert the beta-radidtk>n into visi- 
ble light but not so great as to inhibit polymerisatkyi of the monomer mU or to substantially harm the properties 
of the polynw. Whie optimum concentratk>r» may vary depending on the nature of the polymer, tha extant 

90 of tritium labeOlno. and tha natiira of th« Acintiaant. ouitahlA cyMw^AntmtiAnft are likely to lie in ihm rang* 1 |tg 
In SOO mg. preferably 10 - 200 mg of total scintillanl per ml of polymer. The concentration of sclnta tents ars 
optimised for the Hght output required but too high a concentration will result in self- abaorptton of the Tight ml 
thus reduoe the efficiency - see Design Principles of Ruoresence Radiatton Converters by G. K il in Nuclear 
Instrunwnts and Methods 87. 111-123 (1970). 

B5 Across-linking agent may be included In the nr>onomer mix and may be benef Idal In Increasing light output 

as discussed bekiw. For example, with a vtnyl aromatk: system, up u> 50 g/1 <tf dMnylbenzene may be useful. 

These Ikght-emltting polymer composlUorts may be rrade by provkling a reactioo mix comprising at least 
onepolym risatrie organic monomer, pr ferabfya vlnyl^aromatlc hydiocartx>n, labelled with tritkim, and at least 
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one mstal chAlata scmtaiantand subjecting tha reaction mix to poiymerisaiion contttlonB. The admilldfit Is pre- 
ferably praMnt k\ solution in Ihe monomar. Tranfiition metal chelatea are often apar^ly edubia ki vinyl-aro- 
malic monomers; a preferred feature of adducts auch aa t he aromatic imido-mo»ty to to render the compounds 
of tNs invention highly aokJtHe. Preferably, polymeraation of the monomer or monomers la effected by heat 
In the presence or abeence of frea-radlcal polymerisation initiatora and In the eubstantiai et>sence ol oxygen. 
When the polymarlaatbn reaction 13 excrther mlc. careful tamperature confrol of the reaction mia may be needed 
to avoid thermd deoomposHlon of the organic sctfitWatora. The reaction mix may be shaped prtor to polymer- 
iaatlon to generate plastic ahaata of desir«d thicknew, rode, fVaments* miorobeads, capilary tubing, or other 
desired »hapea. After polymerieatlonp the solid products can alao be cut and shaped aa desired. Theaa shapes 
may be 'slvared- In known manner to increase directional light output Thus the body may be In the shape of 
cylindor with Ihe curved swiace made IntarnaOy reflecting, or of a chord of a cylinder with the curved surface 
and the anda made Internatty reflectirtg. 

Upon pdymerisatlon of the monomer mix« Ihe light emitted by the composition increasea, to an e^itentthat 
is dependent on various factors. Use of purer reagefits; Increasing the hardness and/or rigidity of the product 
{and for this reason a cross-linking agent may be beneficial); cooling the product etretching the product or 
otherwise inAicIng crystalMaetion: alt these steps nf*ay Increaee light output from a ^an composition. 

The light emitting compositions of this invention are useftjl wherever a continuoui or fritermRtent indepen- 
dent Hght source is raqutrad and power Hnes or batteries cannot conveniently be provided, or as a detector of 
radiation. Some exampfaa are: 

- Production of electricity by combination with photocells. 

- In liquid aclntOlatk^n compositiona as well as polymers, e.g. for liquid scintillation beta measurements. 

- In radiation, e.g. X-ray, visualisation screens where the effiderjcy of the new phosphors may t>e used 
to reduce exposure anchor improve definition. 

- Ught sources for eigne, gun-sights, markers on Instruments. 

- Large light sources on airfields and other situations where remote lighting may be required (sm aiaa G. 
FddiaK in Industrtal Appltoation of Radioisotopes, Pub. Elsevier 1966. p.3a6 et seq. and A r^el Llght- 
CoBectkw System for Segmented Scintllot^on-Counter Caiorimetera. V, Eckardt R. Kaibach, A. Manz, 
K. P. Prelzl, N. Schmitz and D. Vranic, hfciciear Instruments and Methods , 155, 389-398 (1978). 

Reference is dHnectBd to tha accompanying drawffigs in which: 

- Rgure 1 is a struchira, obtained by X-ray crystaltography, of the compound tri3(2.2.6.6-tetramethyt.3.5- 
heptanedlonato)teftium Ill-dlphenyi-phosphonimkJo-triphenyl phosphorane. 

■ Plgttt^ 2 and 3 are graphs of power output against phosphor concentration at two different polymer tri- 
tium concentrations. 

- Figure 4 is a graph of light emission intRosity against wavelength for different light emttling sources. 

- Figure 5 is a graph of power output against radioactive concentration. 

- F^re 6 Is a ^ph of light emission intensity against wavelength lor the formUationfi of Example 5. 

- Figure 7 is a graph comparing eff k:lencles in terms of power output, of various tight emitting sources. 

- Figure B Is a graph comparing eff tdencfes, in terms of brightness, of tha same Hght emitting sources. 
The following examples iluslratB the invention. 
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EXAMPLE 1 

Tris(2^e,6-tetr8fnethyt-3,54iegtanedk3natD)terblum BI-<flphenyH?hosphonimldo-trq3henyt phosphofane 
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Trl»(2.2,6,e-telrai™thyl-3,5-h«planadkmtfl)terblu^ 111^ (2) was pufx^sed from Strcm Chemic^ Inc. 
Diphanyl-phosphonlmidoirrphenyf phosphorana (3) was prepared by a method gftven in the references 
quoted above. Ofphenyi-phoaphfriic add chlonde (68 ^) and eodii^ azade (30g) were stirred in dried eceloni- 
trfle (380 nni) for 64 hours, Diphenylphosphinic azkle precipftated out of solution, was filtered <rff and washed 
w^h acatDnUrile and dried to yield 72.3 g. 

24,1 g (10G mM of the diphenylphosphinic axide waa dlaaoh^ in dry dJe*hy< ether <S0 ml) to yield 70 ml 
eolutioa Triphenylphosphine {26 g 1 00 mM) was dissolved in diethyl ether (dried 1 60 ml) and the two reagents 
mixed and refluxed in a 500 ml ftaak fitted with a reflux condenser. 

The precipitatAd material was filtered off, washed with a) ether, b) <0ute »m»nla solution (10 ml of 2N 
ammonio diluted to 100 ml), and c) wetBr (S x 100 ml|, and dried at room tamparature under vacuum to yield 
36.3ig (76% or theory) of (3). 

1 mM of (2) was mixed with 1 mM of (3) In a total of 5 ml trimelhyl pantana, and the mbcture heated to 
reflux untft a clear aoKjtkin was obtained (about 1 hour). The solution was allowed to cool yielding (ALP-1) as 
a cryst^tine adid in nearly quantltaUve yield. 

X-ray crystaHopra^ic examination of single crystals of the product gave rise to the structure shown in 
Figure 1. ThernruU analyst by differential scanning calorimeter gave a melting point of 169.a°C. 

EXAMPLE 2 

Ught emitting polymer preparatten using (1) 

Reductton of Intermediate to yield diuted trltMed monomer 

Phanylacetylene (1 mM 100 mg) waa reduced with 60 curies tritkim gas in the prasence of Pdc catatysl - 
(reference see Example 5, 1 ml solution pumped to dryness under vacuum) Ihen styrene (10 ml without the 
stabiliser removed) added along with a magnetic stirrer. The phenyiacetylene was quantitatively reduced to 
tritiated atyrane without there being any aigniricant further reducHon of the styrene to ethyl beniene. 

This produced about 10 mtllilitres or granm of Iritlated styfene ot 6 curMs/oram or miuaiira - atil cfintalning 
Pdc catalyst and polymerisalion inhibitor. The trttiated atyrane was removed from the catalyst, polymertsatton 
inhibitor and any other contamtnants by vacuum distiration and tho resulting pure miated styrane added as 
required to (ALP-1 ) undBuled or dDuted to gtve a final solution of (ALP-I) In the trttiatod monomer. 

Polym riaatlon to yietd 

A solution of potymerisadon cat^yst (AZBN) was added to yield a final catalyst concentration of ai m3ll- 
granns per minato^. The solutten waa then flushed with argon/methane to minimise oxygen co^^ 
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to quench ri9ht amission, and the container was sealed and the solution polymerisad at 80*C for 16 hours, 
Th polynrw was allowed to cool to room temperature to yield a virtually colourleaa high dartty polymer 

wKh B bright yellGw/grMn (545 nanometm) light mission. 

A corksiderable increasa in light output was observed as the monomer polymerised to completion. 

5 

Polywier shaping and applying reflective coatings 

The product may then be further shaped as it is a thermoplastic to enrwt its light optimally in one plane and 
further efficiency of emisaior may be obtained by applying a reflective metal coating to parts of the shaped 
10 product For the tests described below, the body was formed in the shape of a chofd of a cylinder with the 
curved surface and the ends made internally reflecting by being coated wtth aluminium metal- 
Figure 2 is a graph of power output (expressed In n W/Ci) against phosphor concentration at a f bted polymer 
tritium concentration of fi.OB Cl/g. The upper curve of the graph was obtained in an experiment in which the 
light emitting body was "^Ivered* and opticalty linked to a photodioda The lower graph was obtained h an ex- 
15 periment in which these steps were omitted. 

Figure 3 is a ccrreapondlng graph. In which the polymer tritium concentiBtion waa 0.606 Cl/g. 
Figure 4 is a graph of emitted light intensity against wavelength for compositions having a pdymsr trftium 
concentration of 6.06 Ci/g and various phosphor concentrations. Curves 1, 2, 3 and 4 were obtained with dif- 
ferent concentration of phosphor. Curves 5, 6 and 7 are included for comparison, and were obtained using a 
30 oommercieily obtainable aource containing trftium gas m a ^ass vessel coated with zinc sulptude scin^anL 
The fluorescent emission of the phosphor of this invention is strikingly nwwchromatic at 545 nm, and the peak 
inten^y at this wavelength is much higher than obtainable from the c^nmerx^lally available sources. 

EXAMPLE 3 

25 

Preparation of Eurppkjm (3+) tetra (naphthalene trifiuomaeetyiacetonate) bipyridyl (Eu(NTFA)< bipyr) 

Naphth^ene tilftuoroacetylacetonate (ex Lambda Probes A Diagnostica (Austria). 4.7 mtBimolAS (1.25 
grams) wena diaaotved in ethanol (10 ml) and Europium tricNoride (1.04 mWtmotes, 1.04 grama) dissolved in 
30 ethanol (5 mO was added. The combined solutions were heated at SS^'C fbr 30 minutee. 

Bipyridyl (2 mUfimoiee, 352 mmigrams) disaolved in ethanol (5 mi) was then added and the solution main- 
tained at 65"^ for 30 minutes. 

The total volume was then reduced to 10 mBttlitree, neutralised with aodkim hydroxMe lolutlon and stored 
overnight at ♦2*C. 

35 The resultant precipitate was f atered off, washed with ethanotwater (7:3> (5 ml) and dried at 1 0OX under 

vacuim. 

EXAMPLE 4 

40 Terbium (34-) (2,2,6,6-tetramethyt-3,5-heptanedionato) chelate was purchased frcvn Strem Chemicala. 
Mothoda of pveparing the pyrazolyl borates are described by E, Trorimenko JA.C.S. 89: 13/ June 21 1867. 
The trt-pyrazolyl borate adduct was prepared by healing sloicNometric amounts crflha chelate and the pyrazdyl 
borate In acetone to dissolution, driving off the acetone and melting the residue to a dear melt A minimum 
temperatore. After cooling, the solid was crushed to a powder and any residual aotveni pumped off under va- 

49 cutim at room temperature. 

EXAMPLES 

FormulBttona using tenthanlde chelatea to ptoduca a light emitting pdymey emitting at 014 mp or S4S m»i 

so 

Phenyldcetylene (3 mmoles, 290 ^lJ) disaolved in styrene - ds (5 ml) were added to the dried homogeneous 
Pdc catalyst coined from 4 ml of catalyst solution (Brunet ^ Caubert. J. Org. Chenv. 1984. 49, 4056-4060). 

The above solution was stirred with 200 curies tritium gas. The phenylacetylene is quantitatrvely reduced 
to triUated styrene without there being any significant further reductton of the atyrene to adhyt benrene. 
« This tritiated styrene dissolved in the fuUydeuteretedstyren - dg la removed from the cataly^, polymer- 

isation inhibitor and other contaminants by vacuum dtstlllatton. 

1 ml aliouots of this metehel were added to the followlng:- 
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Terbium [DPMI, P,^ (see Example 4) 




21.1 mg 


Butyl PBD (primary sontHtanQ 




100 mg 


Dlvinyf benzene (croea-llnker) 




10 mIcrolitreB 


AZBN catalyst for polymerfsatfon 




1 mg 




- 1,5 curiee 





tQ b> 





Terbium (0PM]) P^B] (^ferent batch to a) 




20 mg 




t^fnyt benzene 




20 microlitres 


15 


AZBN 




1 mg 






- B.0 curies 





Europium NTFA bipyridyl (see Example 3) 




20n>g 


Butyl P8D 




100 mg 


Oivlnyl benzene 




20m»crolitras 


Trlphenyl styryl lead 




5 mg 




* a.O curies 





30 The volinne c#each aliquot was about 1 . 1 ml. The tritium activity was aa stated, achieved by use of dKferent 

specific activity tritium gas. 

All ttree solutions were sealed under nitrogen, the containers sealed and the solutions polymerised at 
60«C for Ifi hours. 

The polymer was allowed to cool to room temperature to yield dear polymer pieces. 
$s The emiaaion of each piece was nneasured after shaping to a uniform size and shape In a mould and par- 

tially sivering by vapour deposition to guide the light out of one surface. 

The emasiDn apectra (see Figure 6), shows that the europium chelate containing polymer piece amto light 
at • 614 mitfimicron (orange^) and the terbium chelates at » 546 miBimicrona (yeflow-graenj. 

Figure 5 ia a graph of power output 540 nm (oKpressed in nW) againat radioactive concentration (Ci/g) 
40 of the polymer. The phosphor corareniratton was held constartf at 120 mg/ml. The power output goes up more 
or lees linearly with incieasingradioacttve polymerconcentration. Atthe higher concentrations shown, the poly, 
styrene would have had a limited life due to radiation damage. 

EXAMPLES 

46 

Figure 7 is a graph centring efficiencies of various different light emitting sources, expressed as power 
output (nW) agabist polymer radioactive concentration (Ci/g). in thle graph:- 

Squares (line A) refmsent poiyn>er sources as described in GB 224290aA. 

Erect triangles ^Ine B) repre s ent the formulation of Example Sb). 
30 Inverted triangles (line C) repreeent formulations according to Example 2 contalntng a phosohor concan- 

traUoo of120- 15Q mg/ml of polymer 

The diamond represents a commercially avattable source comprising tritium gas contained in a glass vessel 
coated with a zinc sulphide sclntlllaf>t 

Figure 6 is a comparable graph, in which the ordinate is not power output but brightness expressed in 
56 nW/cmaof photodlodc. Performance <^ the Example 5b) formui«lon (B) is strikingly superior to that of th pre- 
vlouriy known polymer sources (A). Performance of the formulations (C) according to Example 2 Is strikingly 
superior to the parfomnance of ai other sources including th commerciaHy available gas source. 
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EXAMPLE? 

^^^!^ y'"°*'''*^^<'''P'^y^P^'^'»'<to-«^>' e ny< Phosohofan^) europium HI (Eu>lirDBM]T - 
A. PrsparaUon of •uroplum III tris(dU»nuylra«tl>ld«) <EiiilltOBM]t 



Ph 

© / X 



Ph 



\ 



3* 



Ph Ph 

I I 

I I 

Ph PA 



DlbemoyJ methan«, 100 mmcHes. 2Z43 grams, {ex AWrich Cheiricid Ca LM.). m.p. 77.5-79^ and 
sCKHum hydroxKte 1 00 mmolm. 4 grams, were reacted together in 50% vA^ ethanolrwaler. 200 ml at room 
tompewiftjre to give a solution erf the sodiuin salt of dibenzoyi methide at a coneentiation of 0.5 mlli. 

fj^*^^""^**" 36«-31. B miOimole. 2.2 grams («c Aldrich Chemicai Co.). was 
dMOlved in 50 ml 50% vA, ethenQfn^ater at c60«C, and lo this was added with stirring 18 mllimates. 36 
ml of the sohibon of sodium dibenzoyi metlitde prepared as above. 

The EuHip^dM], monotiydrate precipitates out is f Htered off, washed with water and dried 
B. Preparation of (EullllDBMUDPTPU 

EullipBMlj.monohydralB m.wt 83B.74. 2 maimolaa. I Mgrams anddiphenyt-phosphonimWo^rlphe- 

« .^S^SJ^^'r 9"™ ^ toflether at 200*0 in an oven and held 

at tttattamperature for one hour. The product is then dissolved in hot toluene 15 millltiires and added care- 
fuly to <»U stirred Wmethyl peniane, SOO millilitres. to precipitate the complex which is filtered off. dried 
and wetghwj, yield 3.1 grams. 86% of theory of 3. Sd grama, m.wt 1776.84. 

C Comparison of fluorsscentpropwties of europium III tris(dB)enzoyl methldel and its bisfdipltenyl 
phosphonlmldo-trlphervl phesphorane) derivative prepar«d as above and tneerporated Into poly- 

dissolved In 1 ml styrena. poiymeiised using 1.26 mg AZBN. healing overnight 
at 76-0. and shaped mto a nat sheet *1 .5 mm thick. Surface reflectance measurements were made at 
nxwi temperature and atapprex. .140-c using an excitation wavelength of 380 nm. eulll[DBM]JDPTPl, 
25 mg was sImOvly treated and measured. 

showed that wHhout any adhistment far concentration, the fluorescence Irom Eu- 
■ ^ polystyrene was appixnimately 6.86 times more intense than that of EuIlilDBMI, 
If allowance were to be made tor molar concMitration then the ratio was 1 7.29. 
»K "I* «<»'^'«»"» of the emiaaions at room temperature end approx. -140-0 of the same sample is 
thought to compare the size of the energy population of t^ triplet level (measurement at-UO'C) with the 
seeofihefluorescence emission (ai RT) I hereby indicating the efficiency with which thatenergyhas been 
traneferred to the lanlherikle ton and emitted. On this basis: Hy"»«xin 
eulll[DBMl, ehcMis an off lelAney of 3S^. 

EulillPBMUDFTPJj shows an efficiency of 79.72%. I.e. a 2.2 fold Increase in efficiency. 

The corresponding Samarium Dl chelates, namely SmIIICDBMUOPTPk and SmIlipBMUDPTPl have 
also been made and tested: th forrrter of these two shows good fluorescence pmpertiee. the latter also 
fluoresces in polystyrene. 

EXAMPLE 6 

V&rious analogues of styrane were investigated aa potential lighi emttting polymer matrices. 
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Tha monofnarB mre polymeiisad (as dascribed In Exampla 2) with a f{xad amount of compound {1} (Ex- 
ampla 1) heremaftBr catted ALP-1 al fixad radioactfva concantratiofi TTie radtoactivity waa introduced by 'spi- 
king- the monomer with amaM quantMes of tritlatad scyrene (<10% Wv). The raaUta are shown in JMw 1. 



Trtita 1 . Ralativa li^ Output of Some Styrene Analogues 



Styrone Analogue 


Relathra Ught CXitputs (Arfaib-ary Unita] 


Styrene 


100 


4-t-Butyfstyrana 


106 


4-Methyt8tyrene 


97 


2,4-Dimethylatyrwie 


8B 


4-Methoxy8tyrend 


60 


2,4. 6-Trirn«ltiylBtyren« 


39 


4-Vlnyl*biphenvf 


65 



Polymariaatlons carried out at 1 0O'C. l-bulyl peroxtda initiator (1 ,5% >ntfv). 1 CWt ALP w^. 
EXAMPI^fl 

Some 1 »3-dll(«tonatee of terbkim are shown in Tablo 2. Compounda (l ) ^nd <2) are available through com- 
merdal auppliere. Compound (3) Is a riovel f Kjorescant chelate baaed on the Itgand imidotetr^hettytdiphoa- 
phinic acid <5). Their relath^ light outputs in bitiated polyatyrene are ahown In Tabia 2. 

The fBtadve light outputs were determined using a standi luminometer with 2% wAv fluor in tritiated styr- 
ene at 100 ^CiAnl. Polymerisation carried out at IWC with t-bulylperoxide inlti^or. 




ImklQieUephenykliphosiirtinic ecfd 
(fi) 

EXAMPLE 10 

Example 1 descrfbea the compound ALP-1 which contains a Lewis baaa addud in the form of diphenyl- 
phosphonimidotriphenylphoephorane. This compound confers highsolubHHy'n styrene and high fluoreacence 
effiderwy on tris(Z2.6,d-tetramethyl«3.S-heptanedionato) terbium (IH) whan adductad. Therefore, work was 
undertaken to vary the ftjnctionality of this phosphorane compound to investigate struclure/riuoreacence ef- 
ficiency reiattonshlpe when adductad to tortowm chelates. The relative Itghl outputs were determined using a 
standard luminometer with 1 mmol/mi fluor In tritiated styrene 
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ZlUt^ RtbttM UcM Output «r S,m» Terbium M DIIwtonXe CMate* 




at 100 JiCUrnl. polym nsatien earriad cwl at 100»C wit h t-butylpwoxW. Initiator. The results ani shown In Table 
3. All the eempourafe shown in Tebte 3 were atao inoaipofsted In high radkMetiv« e<Mo«ntration polystyrtirHi. 
and showed the characterialfcofewi emission Qftert>iuni fluorescence display dbyALP-1 
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EXAMPLE 11 



A mora general lnve«tKiadon of otrier Lowis base adducu wbs carried out Adducto of m8(2.2,6,6- 
tBtra™thy|.3.5-hflptariedion8to)tefbiumOIOwero pfeparedinaihj during pdymerlsation. The relative fight out- 
puls were determined u«lng a standard luminometer wth chelate:LewHB base (1:1) at 1 mmolATJ In st/rene at 
lO) iiCI/mL Polymerieed at lOO^C mxh t-butylperoxida initrntor. The reBiita are ahowrt in Table 4. 

EXAMPLE 12 

A potymeri8at>le phospMne oxide, p-styr yidiphenyl phoephine oxide (12) vras prepared and ita addoct with 
tfte<2,2.6,6-tetramethy<-3,5-hBptanedlonato)terblijm {HI) prepared in aitu as de3crl>ed. Results vvere obtained 
tor various f luor loadings and were shown lo be essentially the same (up to a f Kjor concentre lion of 5% wN) 
as for tr^henyt phosphine oxide. 




(12) 
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OoopovDd umber 


(AibiiTAfy vnits) | 




(4) 


100 1 






1 






64 1 






64 1 




( r 


50 1 


o 


<10) 








82 1 
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Tabte4l.9wis B8M Adducta of Trjs(2^,6.Melremflthy|.3,5>haptanedionata)tBrbiijmOII) 







Relative Ugm Output (AnMtrary units) 


a 


no AuOUCC 


25 




Oiphenyl pho9phoninntdo-trjph« nylposphoran* 


100 




Tri-n-octylpho8phlne oxMe 


52 


10 


1 npriMytpnospnina oxiad 


98 




Tr^h&nyJ aray' oxide 


19 




) nouiyi pnospnate 


15 


T5 


Tnpnonytpnosp rats 


42 




1^ , rN ITIat n yiTuT ITiBni }fl B 


37 




Morphdinfi 


30 


20 


Pipeffdlne 


45 




Pyridine 


29 




4-Viny1.Pyridln6 


23 




Dim«thylsulphoxide 


42 




Bipyridyi 


7 



30 EXAMPLE 13 

TetraW«(Z2,6,e-t«frafn«thylO,5-heptanedionato)tertMum (III), pipMidina sail (13) yvaspreparad, rtsratetiva 
light output was determined to be half that of ALP-i when rncwporated in a trrtiBted pcrfystyrana matrix. EJe- 
dermined by a sUndard lumlnomater at 100 ^CUml, polymeiieed at lOCC vwth t-butylperoxida catalyst. 

33 



40 



4S 




(13) 

EXAMPLE 14 

Many of the Exen^ples are based on «ff iciant terbhim floors. In ttte lanthanide series however, europium, 
aafnarlum and dysproshjm also st>ow useful ion fluorescance. 
55 Tert>lum and europium In general are reported as more at f iciant than samarfum and dyapmsiufn. For eu- 

ropUim, soma axtremaiy efficient p rf kiorki^ed 1 ,3-di(etonBtB chaJates are dasoibed In the literature, naph- 
Ihoyl trifluoro acetone for example. These compoumja normally produce a doep red fluorescence. However, 
when thoae fkiorino contalnirg compounds are Incorporated In a trftiated pofymer matrix at >1 CiMil rap«d ra- 
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dioacttve d sradstlon ensues, resulting in loss of light output. 

trisKdibenMylmethkle) chstatss of Kiropium and samarium prove to b« stit>lfl and 

niod«rat% sff iciontfluora when heorporated in trftiated polystyrene. Both chetalm are rendered mora etable 
and more effioetit as ffuor* when adducted with diphanyH>hosphanlmido ^enyiphosphorane to g/ve com- 
pounds (14) and (15). Their ftxeit^n/efflission spectra as shown In Figures » and 10. 

(2.ie,8-tetramethy».3.5-heptanedlonato)dy9pro»ium (III) and its dlphenyl.phosphontniido triphenyt- 
pnosphorane adduct (IS) have been prapared, hethfluoreseeyellowunderUV irradiation. Compound (16) also 
gives the same amission whan incorporated in trrtisled poly»tyi«ne (6 Ci/9). its excitation/amisaion aoectn is 
shown in Figure 11, 



EXAMR.E 15 



Of the actinides uranium as as dkuide has been invastigaled. The chelate shown below (17) fluoresces 
green under UV irradiation and when incorporated in tritiaiad polystyrene. Adduction of this compound with 
ttphenirt-phosphonimido Iriphenyl phosphorane increases the aolublity of the chelate in slyreno. This is a omv 
fHV^^ ""^"^ '^'^'^ unaware, es yet of any other room Mmpemture fluofescent uranyl 

cMata of this type. Its exatstion/emtsslon spectra Is shown in Figure 12. 



EXAMPLE 16 



WavBshirters such as dimethyl-POPOP and xylene may be incorporated In trttlated polystyrene with ALP- 
(o increBwi the light output (10-20%) with various loadings 1-10% w/v waveahifter. 
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Exp#rtrwntil: Qiwal 

UntodS stat9d otherwisa thd chemicals used in thb work were obtatnad ttvough commerdal sources and 
were used wUhout further purification. h.p.i.c. ^rade solvents were used wherever possible, for reactions in- 
volvkig moisture sensitive reagents, Afdrkh sure-seal dry solvents were used. Synthetic proceduree have al- 
raady been described In the prelintinary patent ^piicatian for ALP-1 and diphenylphosphinyt azide (a com- 
monly used reagent). 

Melting paints were ot^lned on a SeHco DSC 220 differential scanning cdorimeter. 

Excitation/Bfnasion spectra were recorded on a Parkin Elmer LS-50 spectntfUionmeter. 

Preparation of THagmldotetraphenyidlphoaphlnlc acid)tefblum<in) (3) 

Bls<dlpheny<ptiosphinQ)imme 

DlphenylpfKMiphinvlchlohde(57.Sg,0.261mole) in toluene (100ml) was added to hexamethyldlsaazane 
(21.0g. 0.1$0mote) in toluene <50ml) at80-9(rC over 20 minutes. The reaction mixture was heated at 85^ for 
2 hours then 100^0 for l hour. The reaction mixture was then evapora^d to Ca 100ml volume. A white solid 
was coUected upon cooling. Recrystailizakwn from hot toluene gave a white solid 19.5g. (mp UT^C: Ul^ mp. 
149^151). 

Inrridotetraphenyldtphosphinic acM (5) 

Hydrogen peroxide <6ml, 30% w/v) was added dmpwise to a suspension of bls(drphenyfphoBlfie)1mlne(10g, 
26mmole) in tetrahydrofuran |100ml} at S^'C. The reaction mixture was stirred for two houni and then filtered. 
The solid was dissolved in nDsthanotammonla (4:1: 2dml). the aoiution f itered. then acidified with concentrat- 
ed hydrochlortc Add, a solid precipitated which was washed with water eihanoi (30ml) and hexane 
(30mf) to give a white solid (8.6g). (mp. 27a«C lit;2m.p. 283^C). 

Tris(lfnkiotBtraphenyMlphosphinlc actd)tert>kinrt(lilK3) 

Imidotatraphenylcfiphosphlnic acM (B.34g, 20mmole) and potassium hydroxide (1.1 29, 20nrtmol6) were 
heated to r^ux in ethand/water (10:3. 130ml) for 10 minutes. A fine precipitate was fBierad off. 

Tftrblum cNoride (hexahydr«Ue) (2.46g. e.a4mmote) in ethanolAwater (5;2, 35ml) was added to the hot re- 
action aohjtlon over 25 minutes. 

The reaction mixture was then heated to reflux for 30 minutes. The reacfton mixture was cooled, filtered 
and washed with water (50ml) and e\tmno\ (50ml). The product was dried under vacuum at 90^C for two hours 
10 give the product as an amorphous white powder (7.2g). (mp. 2B0^C dissoc). 

Compounds 6, 7. d and 9 were prepared by the same genertf method as thatdescnbed for Compound 4. 

ftreparation 0fTrla(2>2.6,6-tatramethiH-St5-heptan»dlofiBtQ)teft)lum(tl(>.trlp^ oxideflO) 

Trls(^2,8,6-tetramathyt-3^.hapianedtonalo)tert«um(lll) (14.17g. 0.02moles) and triphenylphosptiine ox- 
ide (5,57g. 0.02molee) were reftuxed in trimethylpentane (1S0ml) for 30 minutes. The reaction mixture was 
cooled with stirring In an icertttith. The mother Tiquor was decanted and the product dried under vacuum to 
ghw the product as a white crystalline solid {17.2g) (mp. 148«C). 

Pfepar»tlonofTrta(l,2.6>6-latr»me<hy^3,S-heptanedtonato)teTfaiimft(B^^ 

Tr]a(2^,6.6*tatramathyU3.5^eptanedioAato>terbturr>(lll) {5,Oo, 7.1mmoJe) and tri-n-octylphosphine oxide 
(2.75a 7.1mmola) wars rafluxed In trimethylpefitane (50ml) for 7 hours. Tho Bolvam waa avaporatad to gnw 
the product aa an amber oil (7.6g). 

Preparation of p^StyryfdtphenytphospMne xlde(121 

A-Styrytdphenylphosphine 

p-Styryldiphenylphosphlne was prepaied according to publl^ied pixtcedure^. P-Chlorostyrene (30.0g, 
0.22m) in tetrahydrofuran (iOOml) was added to magnesium turnings (15g) at such a rale as to maintain reflux 
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The r»BCtlon was initiated by adding 3frt ethyi bromide to the magneeium turnings. After 30 minutes, the re- 
action mbc^res cooled to room temperature and was attrred for an additional mimjlea. Ttw reaction loi^tkan 
was then added slowly to chbrodiphenylphoephine (A0,4g. 0.183m) in tetrehydrofuran (100ml) wtth ice-bath 
cooling. The reaction mixture was stirred for 1 how and th«i powed onto 3m ammoniwn chtofide solutkjn 
(300ml), The organic layer was then separated, dried over anhydrous aodium sulphate and filtered- Polymeric 
material was precipttated from solution by adding hexane (500ml). The solution was then filtered and evapo^ 
rated to give the produa as s white amorphic sdld which wiaa crystallised from methanol s« white crystals 
(1«-0fl>. 

p-Styry(dlphenylphosphine oj^ide (12) 

Hydrogen peroxide (30% wN, 7mi) was addmj dropwiee to styryldrphenyiphosphlne <8.4g, 29.2mmQle) in 
tetrahydrofiiran (100ml) at 5«C over 30 mratea. The reaction mixture was then stirred at room temperBture 
for 2 hotjrs. The solvent was then evaporated and the product dried under vacuum at room temperature to give 
a dear oil (8.dg). 

Prepireiion of TetraWs(2>2.6,6>tetramethyl^3,5-heptaiMMlloi»alo)ter*>lum(m) pfperldlne saH (13) 

2^,6,6-ietramethyf-3,5'hBpl8nedione (0.92g. Smmoto) and piperidine (0.43g, Smmola) were heated at 
70-C in othanol (30nW) fbr 20 nr^lnutes. Tarttum chloride (0.27g. Immote) ki othanoi (10ml) was then added 
and the reaction mixtiM heated at 70*C for 2 hours. The product was allowed to cr ystaBize overnight at room 
temperatura and then isolat»d by fHtratlon as a white solid (mp. 110*C. decorrp.). 

Prepare! Ion of Tria(dtben»o lylmethtde>europlumqi> dbhenyHrfiosphontinldotrlphenyiphosphor- 



Trts(dibenzoylmethide)eurDPHirrtflir) 

Europium cWorids hexahydrale (2,2g, e.Ommole) in 50% aqueous ethand (50ml) was added to a solution 
of thesotfltmsaltofdjbenzov^methide (4.37g. 18mmde) in aqueous ethanol (35ml) at60*C. The reaction was 
stirred at eO'^C for 30 minutes, then cooled, filtered and the solid collected, washed with water (SOml) and dried 
to give the product as a bright yeOow solid (4.5g), 

Tris(dibenzo lylmethide)euroium(HI) diphenyi-phosphonkmido triphenylphosphorane(14) 

Trta(iflben2oylmethWe)euiopium(lll) (3.6g, 4^mmole) and diphenyl-phosphonimidotriphenylphosphorane 
(2.0g, 4.2mmole) were refhixed In trimethylpentane (5Dml) for 30 minutes. Reaction mixture f itered wash with 
pentane (30ml) to give the product as a yellow solid (S.Og). 

w?lS? *'°" biphenylpboaphor- 

Trfs{dibenzoylmethlde>samadum(m) 

Samarium cMorlde anhydrous (2.56g, lOmmole) in 50% aaueous ethanol (SOml) was added to a solution 
or the sodium salt of dibenzoylmethlda (B.egg, 30nwnoIe) in 50% aqueous ethanol (SOml) at ecc. The reaction 
mixture was stirred at this temperature for 30 nninutee. The reaction mbrture was then cooled, f atered and the 
solid washed with water (SOmQ lo give a bright yellow amorphous solid (7.9g), 

Trial <fiben zoylnrvethide)Mmarium(ill>^ph^nyi-phoaphcn;midobn 

Tris(dibenzoy>methkle)sarr«rTum(IW) (1.5g. 1.63mfnoto) and diphenytphosphonimido triphenylphoephor- 
ane (037g, 1.83mmde) were reHuxed In trimethylpentane (30ml) fbr 30 minutes. Th reaction mixture was 
cooled f Itered and the product dried under vecuum for 2 hours to give a yelfow arrmphoua edid (2.0g) (mp. 



19 



EPO5»0O5A1 



Tn»(^2.B,6-t«trairi«thvl-3,5-heplar»dk5nato)dysprosjumOI^ (6,1g, 9.75mmole) arrd «flphanyiphOBphofm 
mido triphenyphosptKmne were reniixad In thmethyfpentane (60ml) for 30 irtnutes. The molher liquor was 
decanted from a small anaurtf of inaolubia matarial and aOowed to cool to room lemperabjra. Awh^ crystatltne 
material fbrmed which was radissolvad in (BBthyi at har (70ml) and darified by fitraiion through a 0.45 micron 
filter. The advent was evaporated to Qiva a whrta ar^id (d-l^. mp. 154<^). 

Preparatton of BlaQmidofcatraphanykilphoaphlnte acld)Uranium dioxide (ll)(17| 

lnnidotetraphanyl(flpho8phjnicacid (4.30g, 10.3mmole} and aodlinn hydroxide (0.4l2g, I0.3mmolej wm 
heated to 60»C in 90% aquaoua ethanol (100ml), Uranyl acetate {2.0g, 5.15mmole) h 50% aquaoua ethand 
(40mi) was then added quicWy and the reaction irrfxture teted to reflux for 20 mimtos. The reaction mixtura 
was cooled lo room lemperatura, f Btered, washed with ethanol (30ml) and dried under vacuum to give the prod- 
uct as a yellow solid {4.4gX 



Clatana 

1. A compound that resdta from rBacting together an imido-reactant of formula 



I 

O - 0 - N - Z 

I 

R 

where Q may the 9ame or different at different parts of the molecuie and Is P, As or Sb. 

and R may be the same or different at different parta of the malecule and each R is an aromatic 
or heterocydk: ring structure which may be substituted or unsubstituted, provided that one group R may 
atlernabvaly ba a co-pclymarisabte group, 

and Z it OR) or an dlgophosphoranyl group, 

wtth a chelate of a transition or lanthankle or actlntda metal Ion to prxxhjce a product which has 
the property of fluorescing in UV radiation. 

2. A compound as daifned in dalm 1, having the farnnula 

(X« - M - O - Qf^ - N)p2orX„ - M(*0-QR2- N - Z), 
where M is the tranattlon or lamhanlde or actintde metal ion, 
X ie a chelating group, 
n is 1 to 4, 
p Is 1 to 4, and 
6 ia 1 to 4. 

X A compound as claimed in dafrn 1 or daim 2» wherein the imido^adam has the tor mule 



Ph Ph 

( I 
0-P-N-P-Ph 

I I 
Ph Ph 
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whefB Ph is phenyl. 

4. A compound as dahTied in any ofw of dairns 1 to 3, whar«in the chriatft comprises a chelating rroiety of 
the fbrmuJa 



10 



R' 



IB 
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Where R* may be the same or drffarent at cfif ferent parts of the motecule and R" and each R' is an 
aromatic or hetsrocydlc ring structure which may be aubatltutad or hydrocarbon or f luorocarbon or R" is 
hydrogen. 

5, A compound as deimed In claim 4, wherein R' is t-butyl and R" Is hydrogen. 

6, A compound aa dalmed In claim 4, wherein R" phenyl and R** is hydrogen. 

7, A compound as dalmed in any of daims 1 to 4 and 6. wherein the metal ion Is Europium 3+. 

a. Acompound as daimed in daim 6 and daim 7 which is tris{d benzoyl melhkia) bis(dlphenyfphosphonimido- 
iriphanylphosphorane) europium III having the structure: 



30 



35 



At 



3* 



Ph Ph 
I I 

I I 



». A compound as daimed in any one of daims 1 to 5, wherein the met^ Jon is Terbium 3+. 

M$ 1(L A «^id body comprising an organic polymer or a mfxture of organic and inoi^artc polymer together with 
a compound accordinfl to any one of daime 1 to 0. the body bfting capable of emitting light when eutnected 
to a f kjx of etectromagnetic radiation. 



40 



11. A solid body comprising an organic polymer or a mixture of organic and Inorganic polymer, together with 
il least one chelate of a transition or lanthanide or actinkJe metal, the body having the properly off emitting 
tight by vrtue of internaBy generated tenWng radiation. 

12. A body as clalnr\ed in claitt 11 , wherein the chelsta comprises a chelating moiety of the formula 



50 



55 



R ' 



,C - 



o 
o 
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where R" may bd the same Of dfffeiwt at different parts of I he nrK>*ec^ and R'and ach Risen 
arojT^tic or heterocyclic ring etrueture which may b substituted or hydrocarbon or fluorocarbon or is 
hydrogea 

s 13. A body ae dafmed in daim 12. wherein R* is Vbutyl or phenyl and R" ia hydrtsger. 

14 A body as daimed in cHakn 11, wherein the chelate is europium (3+Xnaphlhalene trifluoroecetyt aceton- 
ate)4 b^yridyf. 

15. A body as datmed In dabn 11, wherein the chelate is terbium (3*) (pivatoyimethideh tripyra2olv< borate. 

16. A body as darmed in any one of dainrw 10 to 14. wherein the polymer te radloectivety labellad. 

17. A body as daJmed ki dalm 16, wherein the radioisotope ie irilium. 

15 16. A body as daJmed In daJm 1 7, wherein the polymer ia labelled with tritiunn to an activity of 1 p,Cyg to 100 

16. Abodyasdaimedinanyoneof daffnalOtolS.which ia transparent or translucent 

20. A body as daimed in any one of dainrtt 10 to 19, wherein the polymer is therm opiaetic. 

21. A body as daimed in any one of dams 1 0 to 20, wherein the organic pdynwr is a po*y(vin y*aromatlc) hy- 
dfocartKH)* 
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22- A body as claimed in any one of daims 1 0 to 21 . wherein some or all of the protium hydn>gen in the polymer 
and/or in the compound of any one of drams 1 to d is replaced by deuterium. 

2a. A body as datmed in any one of dalms 10 to 22, wherein the compound of any one of dakns 1 to 9 is 
praeant at a concentration of 1 ng/ml to 250 mfl/ml of polymer. 

30 24. A body as dalmed in any one of daima 10 to 23, which has been formed by subjecting to potymerisation 
conditions a reaction mixture comprising at least one pdymerlsable monomer and the compound of any 
one of daims 1 to 9. 
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2& A body as daimed In daim 24. wherein at least one polymerisable moncmer is tritiated. 

26. A body as dq&ned in any one of daims 10 to 25, in the shape of a cylinder wfth the curved surface made 
Internally reflecting, or of a chord of a cylinder with the curved surface and the ends made tntarnalty re- 
flecting. 



22 



EP0 9M005A1 




eP 0 556 DOS A1 



Fig.2. 
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POLYMER TRITIUM COHaNTRSnON 0 6O6 Ci/g 
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FigS 
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PCmR OUTPUT V RADtOACnVB CONCBmROlON 

PHOSPHOR coHC&iTwrm i20mglml. 
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Fig.8. 

COMfViJilSON OF BUtOHntSSS OF LBPjS AS MCASURBD 
By POWER GENBRATED PBR cm^ PHOfTODlOX 
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